POWER SUPPLY FOR LIGHT S^MirTING 
DIODE ARRAY 

. ■PcKGROL^T) OF THE INVENTION 

The present invention relates generally to an apparatus for 
generating power to a light emining diode array and. in 
paru'cuiar. to a power supply for operating light emitting 
diode array trajfic signals. 

Liehi emitting diode (LED,t arrays are becoming more 
common in many applications as they are used to replace 
less efScieni incandescent lamps. Status annunciaton. mes- 
sage boards, liquid crystal display back lights and traffic 
signals ait common applications for LED arrays. In most of 
these uses, electrical power is obtained from ax. mains ( 120 
v^c. 60 Hz) and some form of power supply converts the 
alternating line voltage to d.c.. or pulsing d.c. for powering 
the plurality of LEDs. 

LEDs typically exhibit forward voltage drops on the order 
of 1— to 10 volts when driven at average currents of 20 to 
25 ma. For puiposes of efficiency, the LEDs are usually 
connected in scries so that a higher power supply voltage can 
be used to light an array of L£Ds. 

In many qjplications where a relatively large number of 
LEDs are necessary to deliver substantial light output, 
several scries strings of LEDs with a ballasting resistor in 
each string are normally conneaed in parallel As shown in 
the FIG. L. this traditional circuit arrangement provides 
some redundancy from single point LED failure, as any 
"open** LED will only extinguish its own series string 
leaving the other strings active. Since this relatively simple 
circuit docs not provide any regulation. i.e. the light output 
varies with varying input voltage, it has T)ecn generally 
superseded by the regulated circuit shown in the FIG. 2. The 
regulated circuit enq)loys a linear current regulator instead 
of individual ballasting resistors to maintain a given current 
through the T FD strings. The highly dissipative nature of 
such linear regulators makes such use questionable in heat 
sensitive apparatus such as LED signals however. Heat 
generated by the regulator could exacerbate the deterioration 
of the thcnnally sensitive LEDs. 

A non dissipative. unregulated power supply for LED 
signals is shown in FIG. 3. and uses a series capacitor as the 
dnrent limiting element. Such highly reactive power sup- 
plies exhibit very poor power factors however, and may be 
disallowed by power utilities. 

Several problems are assodaied with these prior art 
simple circuit topologies. The input current wave farms arc 
generally badly distorted and the power faaor is poor. 
Reasons for the poor power faaor and high distortion relate 
to the discontinuous conduction of the diodes in the circuit 
feeding large capacitors. This phenomenon is well 
imdcrstood, and plagues many small offline power supplies. 
Until recently these concerns were cssendaliy disregarded 
by the electrical power industn* because the impaa to the 
power grid was reladvcly small. Of course, as larger num- 
bers of these low power appliances arc conneaed to the 
power grid- the effect is do longer inconsequendal. In facL 
many uiiiiues are placing limits on permissible power faaor 
and distortion behavior of clectricil devices conneaed to 
their lines. 

LED traffic signals arc being retrofincd in place of incan- 
descent lamps primarily because of the encrgj- savings 
common to LED signals. For example., an S inch diameter 
incandescent signal might consume 67 wans and its LED 
equivalent 14 warts, or a 12 inch diameter incandescent 
signal would consume 150 wans while its LED replacement 
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•would consume only 28 wans. The dramatic ej^^javings 
li-anslate imo grcaily reduced operating cosi,^Hfi is an ^ 
imporunt criterion, as electrical power is becoming more 
expensive. .AJso. in many pans of the country, electrical 
5 generating capacity is at its limits, and new capacity- cannot 
be added because of environmental concerns. This strong 
interest in LED signals as an important energy conservation 
resource is clouded however by the poor power factor 
performance of commercially available signals. 
10 Power factor (p,f.) is well understood in the electrical 
engineering community as the ratio of real power to real 
power plus reactive power, or more conveniently. p.f.=cos 8 
where 9 is the angle in eiectrical degrees of the current- 
voltage phase oflFset, Thai is, in many reaaive loads powered 
15 by sinusoidal ( alternating) current, the voltage and current 
may be out of phase. 

The apparent power that has to be delivered to a given 
load in volt-ampcrcs (VA) is. therefore equal to the true 
power consumption of the device in Watts divided by the 
^ power factor. For example, an appliance with an internal 
power consumption of 100 Watts that exhibited a power 
factor of 0,4. would require 100/0.4 or 250 VA of energy 
from the power line and utility generator. Taken separately, 
the many small electrical appliances that are widely used 
^ have only a moderate effect on generating capacity. How- 
ever in aggregate, a large number of small devices can have 
a significant impact on the power grid. 

By means of example, a medium size city (San Francisco) 
may have some 2000 signalized intersections with a total of 
16.000 mixed 8 inch and 12 inch traffic signals. If the 
existing incandescent signals with an average power con- 
suiiq>tion of 100 watts are replaced with LED variants of 20 
watt rating, a significant power saving should result Tlie 
1600 kilowatt (kW) load imposed by the incandescent 
signals should be reduced to 320 kw by the LED retrofit 
devices. However, if the LED signals exhibit an actual 
power factor of 03. the resulting load to the power grid is 
320 kW divided by 03 pi. or 1067 kW. The energy savings 
is then only 533 kW, which is the net mount of power that 
the utility can convert to other uses, Qearly then, the need 
for power factors close to unity is apparent. Another factor 
that directly influences the amount of power (apparent VA) 
that needs to be delivered to a given load is the total 
harmonic distortion of die current waveform supplying the 
device. True power factra- is adversely affected by current or 
voltage distortion, and the significance of this influence is 
only now being widely accepted. There is shown in the FIG. 
4. a traditional power factor vector diagram (which is 
normally two dimensional) which has been expanded to a 
three dimensional form to indicate die influence of distortion 
on the apparent power veaor. The total power required 
veaor VA (apparent power) is determined by the combina- 
tion of the working power veaor WATTS, the volt-amperes 
reactive vector VAR (non-working power) and the distortion 
volt-ampcrcs vertor DVA (non-working power). 

Harmonic distortion or deviation from true sinusoidal 
wave forms not only gives rise to further wasted energy, but 
increases the eleciromagnedc interference potential of the 
^ load. Radiated and conducted interference is a concern 
because of the interference potential with other services 
(radio communications for example). 

Harmonic distortion is becoming more prevalent in power 
supplies as these devices are converted firom inefficient 
65 linear operation to far more efficient switchmode operation. 
A wide variety' of circuit topologies are used in modem 
switching power supplies such as thyristor and triac phase 
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coD^^or bipobr or fidd aScct cransistor switchc^L 
co^H|iQce of these solid stale approaches is indc^H 
haiSR: disiortioo and poor power factor behavior. la 
to mitigate these problems, several approaches to power 
factor and distorti a control have been developed that 
operate with and use the efficiency of the swiichraodc power 
supply itself. That is. instead of correcting for power factor 
in a separate functional device (that is connected between 
the power supply and linej. the power factor and distortion 
correcting function is pan of the switchmode power supply. 
A number of raanufacmrers of integrated circuits (Linear 
Technology. Silicon General. Motorola and Uoitrodc for 
example) oifer monolithic devices that perform the power 
faaor and distortion control lijnciion. .\ review of this art is 
presented in Power Supply Cookbook by .Vlarty Brown. 
1994. fluitcrworth-Hcinemann. 

SUMMARY OF THE INVENTION 

The present invention concerns an apparams for supply- 
ing regulated voltage dc. electrical power to an LED amy. 
The apparatus includes a rcctiiier having an input and an 
outpuL the rectifier being responsive to a.c power at the 
input for generating rectified d.c. power at the output, a 
power factor correction converter having an input connected 
to the rectifier output and an output, the power factor 
correction converter being responsive to the rectified d.c. 
power at the power factor correction converter input for 
generating regulated voltage. Ac. power at the power factor 
correction converter output, and an LED array having an 
input connected to the power factor correction converter 
ouq)Ut for receiving the d.c. power to illuminate the LED 
array. The power factor correction converter can be a power 
factor correcting and voltage regulating buck/boost switch- 
mode converter. 

A primary object of the present invention is to provide a 
power factor correcting, (boost buck/boost or buck) switch- 
mode converter to power a line operated LED signal 

Another object of the present invention is to use the 
inherent pulse modulating nature of a switchmode power 
supply to provide voltage regulation to an LED array. 

The apparams according to die present invention also 
includes an adaptive riamp circuit connected to die rectifier 
input for eliminating leakage current problems. The adaptive 
damp drciut has an input adapted to be connected to a pair 
of a.c. power lines, a pair of damp circuit output lines 
connected to die adq}tive damp circuit input, a voltage 
sensing means connected across the adaptive damp drciut 
input, and a controlled load means connected across the 
damp circuit output lines and to the voltage sensing means. 
The voltage sensing means is responsive to a magniuide of 
a. a voltage at die adaptive clamp circuit input lower dian a 
predetermined magnitude for turning on die controlled load 
means to connect a low impedance load in die controlled 
load means aaoss the damp circuit output lines and die 
voltage sensing means is responsive to a magnitude of die 
a.c. voltage at die adaptive damp circuit input equal to or 
greater than die predetermined magnimde for turning off die 
controlled load means to disconnect die low impedance load 
firom die clamp circuit output lines. 

It is also an objective of die present invention to eliminate 
leakage current problems by providing an adaptive clamp 
drcuiL 

Another feature of the present invention is to provide an 
adaptive line loading means or clamp dial switches itself in 
or out of die circuit as needed- 

The apparatus according to the present invention ftirther 
indudes a battery backup system having an input for receiv- 



t-u j.njk^a dppjct. .0 - le rccjL icr input anc, lavrng an 
output at which cLc. power is generated, and a switch-over 

« connected to the banery backup system ouq)u^g^to 
ctiAer input, the banery backup system being^Bn- 
a failure of a.c. power at the battery baclojp s^Sm 
input for controlling the switch-over relay to connect the 
banery backup system output to the rectifier input to provide 
d-c. power i illuminate the LED array and being responsive 
to a.c. power at the battery backup system input for con- 
ic trolling the switch-over relay to disconnect the battery 
backup system output from the rectifier inpuL 

Another objea of the present invention is the use of a d-c 
power supply (instead of the a.c. power line; as a powa. 
backup that is activated upon a.c power line loss. 
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BRIEF DESCRffnON OF THE DRAWINGS 



The above, as well as other advantages of the present 
inventioiL will become readily apparent to those skilled in 
the art from the following detailed description of a preferred 
embodiment when considered in the light of the accompa- 
nying drawings in which: 

FIG. 1 is a schematic diagram of a prior art unregulated 
power supply for LED signals: 
25 FIG. 2 is a schematic diagram of a prior art linear current 
regulated power supply for LED signals: 

FIG. 3 is a schematic diagram of a prior art rcactively 
ballasted power supply for LED signals; 
FIG. 4 is a three dimensional vector diagram of the total 
^ power required to operate an LED array; 

FIG. 5 is a schematic diagram of a regulated voltage, 
switchmode power supply for LED signals in accordance 
witfaihe present invention; 
35 FIG. ^ is a schematic block diagram of the adaptive 
damp circuit shown in the FIG. 5; 

FIG. 66 is a schematic diagram of the adaptive clamp 
circuit shown in the FIG. 6a; and 
FIG. 7 is a schematic block diagram of a battery backup 
^ system for LED signals according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

45 As noted above, the clcmentaiy power supplies that are 
currently used for powering LED anray signals do not meet 
current standards eflBdency. rcliabflity and performance. 
The unregulated, rtsistively ballasted power supply shown 
in the FIG. 1 does not isolate the LEDs firom line voltage 

5Q variations, and exhibits a poor power factor because of the 
rectifier and large capadtor. The conamcrcially produced 
current regulated LED power supply, which is shown in the 
FIG. 2, does provide much better LED light intensity 
regulation with input voltage variation. However, the use of 

55 a linear, dissipativc (beat producing) regulator presents 
problems. LEDs arc themiaDy sensitive devices which 
degrade quickly at elevated temperatures. Since most power 
supplies for LED signals arc part of. or are attached to the 
LED array, heat rise fi-om the linear regulator can be 

^ deleterious. Furthermore, the traditional rectificr-caparitor 
circuit does not produce a satisfactory power factor. 

The use of capacitors as non-dissipative citrrent limiters in 
ax. circuits is well established, and is shown in the FIG. 3 
as another example of a commercially available LED array 

65 signal power supply. Current and voltage wave forms are 
essentially out of phase in this type of circuit, so that heat is 
not generated in the current limiting capadtor (15 ^F). 



However, the power faaor and disiortion performance of 
this type of circuit is ver>' poor fP.F=0 J). 

There is shown in the FIG, 5. a regulated switcl^- 
mode power supply 10 according to the prescrot invention 
connected to an LED array 12. The LED array 12 includes 
a plurality of strings of series connected LEDs 14 with a 

ballasting resistor 16 (Rl. R2. R3. R4. R5 ) connected 

in each siring. The soings are connected in parallel between 
a lirst input line 18 and a second input line 20 of the LED 
array 12. 

The power supply 10 has a pair of power input lines 22 for 
connection to a source (not shown) of a.c. power such as 
main power lines at a nominal 120 volts a.c. An input of an 
adaptive clamp circuit 24 can be conneaed to the lines 22 as 
an option. A problem peculiar to signals that arc switched by 
means of solid state relays is the leakage current that can 
flow through the load when the solid state switch or relay is 
"OFF'. This phenomenon is common to triac and thyristcr 
switches that are commonly en^)loyed in traffic signal 
coDtroilers. While not apparent when incandescent signals 
are employed (because they are low impedance loads), the 
problems surface when relatively low power loads (such as 
LEDs) are connected to these same controllers. TVpically, 
other safety devices used in crafBc signal controllers such as 
conflia monitors must be '*tricked" to reduce diis leakage 
current. Commonly, a large capacitor is placed across the 
a.c. input leads to the LED load, in order to absorb the 
leakage current reactively. Of course, such provisions only 
aggravate the power faaor problems. 

An output of the adaptive damp circuit 24 is connected by 
a pair of clamp circuit ouq^ut lines 26 to an input of an 
electromagnetic interference (E.M.L) filler 28. The EM J. 
filter 28 keeps conducted interference fi-om feeding back 
into the power lines where it might cause problems to other 
circuitry on the line. An output of the filter 28 is connected 
by a pair of filter output lines 30 to an input of a rectifier 
means 32 which converts the incoming a.c. power to a 
pulsing d,c. power generated on a positive polarity rectifier 
output line 34 and a negative polarity rectifier output line 36. 
Although the rectifier means is shown as a full wave diode 
bridge rectifier, any type of rectifier can be used. The lines 
34 and 36 are connected to an input of a power factor 
correction* buck/boost converter 38. The converter 38 
includes a power factor correction (EEC.) integrated circuit 
(LC.) controller 40. which is a commercial device available 
from many sources and functions by allowing current to 
charge a storage capacitor C (LARGE) only in phase with 
the rectified a.c. voltage thereby assuring a power factor 
dose to unity. The control LC. 40 also provides voltage 
regulation in the switchmode buck/boost converter by moni- 
toring the output voltage and adjusting the high frequency 
on-off switching period of the pass element commensu- 
rately. Although a buck/boost convener is diagrammed, 
buck or boost topologies are also possible. Voltage output 
and current-mode control techniques are the primary differ- 
ences in the various geometries, but these details arc inci- 
dental to the functionality of the circuit 

A positive polarity output of the convener 38 is connected 
by a positive polarity convener output line 42 to the first 
input line 18 of the LED array 12. A negative polarity output 
of the converter 38 is connected by a negative polarity 
convener output line 44 to the second input line 20 of the 
LED array 12 through an optional pulse width modulated 
(RW.iM.) modulator 46. 

The output voltage from the RFC switch mode convener 
38 is either fed directly to the LED array 12. or alternatively 



through the RW.M. modulator 46. Such pulse moduladoa 
has been shown lo be advanugcous in certain LED signal 
applicaiioD^|e functions of the switchraode RF.C. con- 
vcner 38 ^^■aff line power supply are the same irrcspcc- 
5 live of the I^^fhe obvious advantage of using a switching 
voltage regulated power supply is efficiency. Une isolation.' 
which is generally not provided by this' iransfomierlcss 
design, is generally unnecessary for insulated LED signals, 
but a high frequency transformer could be incorporated. The 
10 intrinsic power factor correction provided by using the 
switchmode converter 38 in conjunction with the P.EC. 
integrated circuit controller 40 is not only cost effective, but 
allows d.c. backup power to be used in case of line failure. 
A primary aspect of the present invention is the use of a 
15 power factor correcting, f boost, buck/boost or buck) switch- 
mode convener to power a line operated LED array signal 
12. Another function of the present invention is lo use the 
inherent pulse modulating nature of the switchmode power 
supply to provide voltage regulation to the LED array signal 
20 12. Instead of using dissipative (heat producing) linear 
regulators for either voltage <x current (to accommodate line 
voltage variations), the power faaor and distortion comroi- 
ling switchmode power supply 10 is used as an efficient 
voltage regulator. That is. the LED array U. consisting of a 
25 large number of scries-paraUel connected LED devices 14, 
can be kept at essentially constant luminosity over a sub- 
stantial range of input voltages. In actual practice, die output 
of such LED array signals has been kept within ±10% of 
nominal value over a power line variation of 85 volts to 140 
30 volts (for a nominal 120 v.a.c line). 

It is also an objective of the present invention to eliminate 
leakage current problems by providing the adaptive clamp 
circuit 24 which is shown in more detail in theJ=IGS. 6a and 
6b, The power input lines 22 are connected direcdy through 
35 the adaptive damp circuit 24 to the clamp circuit ouQmt 
lines 26. The adaptive clamp circuit 24 monitors dje input 
voltage feeding the LED array 12 on die input lines 22 with 
a voltage sensing means 48 connected across the lines 22 
and loads the input Unes resistively witfi a low impedance 
40 controlled load means 50. connected across the output lines 
26, whenever die line voltage is below some critical amount 
(typicaDy 40 volts a.c. r.m.s.). The adaptive clamp circuit 24 
assumes that voltages lower tiian a certain value (typically 
40 volts) are due to leakage currents through the solid state 
45 control relay ot switch. The adaptive damp circuit 24 loads 
the lines with a resistor to draw current, farcing the leakage 
voltage to a lower voltage (typically on the order of 10 volts 
a.c,) that will not cause problems for the conflict monitor or 
power factor correction (pJ.c) circuiL Most traffic signals 
50 must be capable of being flashed (at least the red and yellow 
signals) from the traffic controller electronics. It has been 
found e^erimcntally that residual leakage currents interfere 
with the ability to flash signals that are equipped with power 
factor correction circuits. The adaptive clamp circuit 24 
55 prevents this problem by allowing die p.f.c. circuit to 
completely discharge between power line pulses which flash 
the signal at a nominal sixty flashes per minute. In summary 
the adaptive clamp circuit 24 performs two functions by 
reducing the leakage voltage: 1) it provides a reactance free 
60 means to eliminate problems with conflict monitors (while 
preventing poor powa factors): and 2) it allows the pXc. 
circuit to properly flash the LED array signal IZ 

The adaptive damp circuit 24 is shown in more detail in 
the FIG. 6b wherein a first pair of diodes D3 and D4 has 
65 anodes connected to the lines 22 and cathodes connected 
together. A second pair of diodes Dl and D2 has cadiodes 
connected to the Unes 26 and anodes connected together. A 



first resistor (Rl ) 52 is connected between the junction of the 
second pair of diodes Dl and D2 and an anode of a 2^cu| 
clioJ^|. The Zener diode D5 has a cathode connecte^^ 
thel^B)o of the first pair of diodes D3 and D4. A secl9 

resistor (R2) 54 is cooneacd between the anode of die Zcncr 
diode D5 and a base of a first NTN transistor Ql. The 
transistor Ql has an eminer connected to the junction of the 
second pair of diodes Dl and D2 and a collector connected 
through a third resistor (R3) 56 to the junction of the first 
pair of diodes D3 and W. A fourth resistor (R4) 58 is 
connected between die collector of the transistor Ql and a 
base of a second NPN transistor Q2, The transistor Q2 has 
an emitter connected to the junction of the second pair of 
diodes Dl and D2 and a collector connected through a fifth 
resistor (R5) 60 to die junction of the first pair of diodes D3 
and D4. 

The optional adaptive clamping circuit 24 is advanta- 
geously placed across the input terminals of the p.f.c 
switchmode power supply 10 as shown in the FIG. 5. As 
noted above, as a consequence of using solid state relays or 
switches in signal controllers, die power to the signals is not 
fully disconnected (even when the signal should be ofl^. This 
leakage current often causes problems with, safety devices 
such as electronic conflict monitors. Additionally, tfiese 
leakage currents may present problems during flashing 
operation of LED signals, as die power supply circuits may 
not be fully discharged between flashes. Switchmode. pi.c. 
power suppliers of the type proposed for the present inven- 
tion arc particularly sensitive to such leakage cuircnts and 
will be inhibited from flashing LEDs at an acceptable rate 
(55 to 60 flashes per minute). 

In current practice, these leakage currents are minimized 
by "short circuiting" them by means of a reactive, non 
dissipative element The uspnt capacitor (typically 1-2 pF). 
as shown in the FIG. 3 for example, performs this funcdoiL 
However diis same capacitor is across the line when the 
LED array signal is energized drawing reactive power and 
contributing to a poor power factor. 

Another feaUu-e of the present invention is to provide for 
an adaptive line loading means or damp that switches itself 
in or out of circuit as needed. As shown in the FIG. 6/>, the 
adaptive clamp circuit 24 monitors the line voltage, and 
when only leakage cuirents are present that drop the line 
voltage to about 40 v.a.c.. the circuit q)plics a resistive load 
60 across the lines 22 by aiming on the solid-state switch 
Q2. When die lines 22 are loaded by the fifth resistor 60. 
having a suitable value (typically 1 kOhm), die leakage 
voltage will drop to under 10 volts. At this depressed 
voltage, the pi.c. switchmode converter is fully off. and can 
properly flash die LEDs 14 at the requisite rate. 

This adaptive clamp 24 can of coune be used with other 
types of power supplies where the addition of reactive 
dements could degrade the power factor. The clamping 
circuit 24 works by using die sensing transistor Ql and die 
Zener diode D5 (die voltage sensing means 48 of the FIG, 
6a) to determine if die line voltage is bdow a certain 
magnitude (typically 40 volts). The sensing transistor Ql 
and the Zener diode D5 are die voltage sensing means 48 of 
die FIG. 6a. If die Zener diode D5 does not conduct, die 
transistor Q2 is niraed on to place die load resistor 60 die 
power lines 22 causing die leakage voltage to drop below 10 
volts. The transistor Q2 and die resistor 60 are the controlled 
load means 50 of the FIG. 6a. Whenever die crafBc signal 
controller relay "closes", die Line voltage appearing at die 
input to the adaptive damping circuit 24 rises to nominally 
120 volts and die sensing circuit (Ql and DS) turn ofiT die 
controlling transistor Q2. removing die resistor 60 from die 



circuit thereby preventing unnecessary dissipation f power. 
Since there are no^^rianccs involved, this circuit docs not 
iafluence the pow'^^pr reflected at the a.c. input lines 2Z 
Another aspect BBc present invention is the use of a d.c. 

5 input (instead of the a.c. power line) as a power backup 
feature that is aaivated upon power line loss. Conventional 
practice employs battery driven a,c, inverters to generate the 
baclcup power upon line failure. Such inveners arc 
expensive, inefficient and are failure prone. The use of 

JO battery power (d.c.j to direcdy energize ihc regulated 
switdunode power supply that powers die LED array signal 
is very cost effecdvc and energy efficient. The wide input 
voltage range of most switchmode power supplies allows the 
batteries to be used opdmally as diey can be vinually fully 

j3 discharged in the power backup cycle yielding very good use 
of battery capacity. Lower cosL smaller battaics are there- 
fore useable. 

As noted previously, die use of a direct line operated, 
non-cransfonner isolated converter to power the LED array 
20 signal allows d.c. power to be used (instead of a.c.) in case 
of line failure. Using batteries widiout having to rely on an 
inverter to perform the d.a to a.c. conversion is novel 
extremely reliable, and cost effective. The iit^)artance of 
battery backup for critical traffic signals is obvious, and die 

25 need for reliability is also apparent As shown in the FIG. 7, 
a battery backup system 62 includes a temperature 
compensated, line powered automatic battery charger 64 
having an input connected to die lines 22 and an output 
connected to an input of a rechargeable battery 66 to keep 

30 the battery fully charged at all times dial a.a power is 
available. Temperature compensation can be used to stop the 
charging process to extend die life of the battery, as it is well 
known that die optimal end point charging voltage for most 
secohdary cells is a function of temperature. 

35 Because of die critical safety nature of diese devices, an 
automatic battery testing drciut and load 68 is built intp the 
battery backup system 61 Deterioration of the battery 66. 
which is inevitable over time, is diereby monitored and 
degradation past a certain point is flagged or annoimced. The 

40 testing circuit 68 has an input connected to an ouqiut of die 
battery 66 for sensing battery voltage. An alarm signal line 
70 is connected to an output of the circuit 68 for generating 
the alarm signal and a set flag signal line 72 is connected to 
another ouqiut of die circuit 68 for generating the set flag 

45 signal. A control line 74 is connected between an output of 
the circuit 68 and an ii9)Ut of die battery 66. Secondary 
batteries dial arc kept in float service for any length of time 
tend to degrade and loose capacity. This deterioration is far 
more apparent in high temperature environments, and can 

50 adversely affea the safety mar^gins of die backup power 
supply. That is. instead of providing 8 to 10 hours of flashing 
red IJED array signal backup service, a degraded battery 
might only last a few hours. Determining the actual condi- 
tion or serviceability of a storage batter^' is difBcult, because 

55 a mcasureracni of terminal voltage does not necessarily 
indicate loss of capacit)'. It has been experimentally deter- 
mined diat a good measure of battery capacity can be made 
by loading die bancry with a substantial current (typically 
5-10 amperes) for several minutes and measuring die ter- 

60 minal voltage under load. Naturally the battery charger is 
inhibited during Uiis tesL This mediod is well recognized as 
a good diagnostic test as it depletes any "surface charge** on 
the electrodes and more accurately indicates remaining 
battery ampere-hours. 

65 A voltage comparator circuit in the battery testing circuit 
and load 68 establishes an "accept" or **rcject" level for die 
battery 66 as it is tested every 24 houn or so. In order to 



accommodate partly discharged cclJi. two sequcnrial h„ 
icry tests that result in a "rejea" arc reeiJZTf •, 1' 
|y Which may trigga a visuai or audibJe SBi' , ' 
I Jac 70 Alternatively, a relay or c^ntt^cllrtfl^g ^^J 
be set 10 gencniie a signal on the line 72 so thai a 

A line failure detection circuit 76 has an input connected 

oducry. ine circuit 76 uunatcs the power switch-over nrn. 
cess Whenever a-c. input power is cUsconnect r^Sm 

input of a tune delay and restoration circuit 78 which has 

receive opctatmg power from Ae battery. The Sme delav 

regarded. An output of the time delay and lestLtion^oLt 

SsL'Sir \" °' ^ switch-ovj^d 
nasher araut 80 which has anodier input connected to an 
output of the battery 66 to receive opcraLg ° wer froi L 
battery. Outputs of the circuit 80 are connect^ a &S t 
of mput terminals of a switch-over relay 8l7he rSkS 
a second se, o terminals conneaed to red sign JoSts 

uncs 2-. Ouqjut tcnninals of the switch-over relav 82 

m£^^„ ^ " to *ered LED anay signal 12. 

Snr^^t J-*"- T'^ °" 22 through the 

controller 84 to the powerjupply 10 <«mc 
GeneraUy. line loss in excess of 250 msec wiU cause the 
Ac. power switch-over relay 82 to switch th^ZpTt^. 

feed) and connect them to the d.c. battery 66 throuah 11 
power switch-over and flasher drcu5. NotStJe 
»pply.s flashed or pulsed by thedrcuit80aranoS^^ 
?^Kt? """^"•^^^ '"P*^ thet^rSTa^ 
Ztt IT^'T ^ ''"'^"S mode, effecting aS 
way stop. While an electromechanicai switch-over lelav 82 

r.Ii!^''^- P**""" ^ time delay and 

restoration circuit 78 will wait some period (typically 10^? 
^conds) before the LED anay signaf 12 is b to 

tou ustully accompany a.c. line restoration after a pow^ 
«i^ge. Note that no invener is employed in tSysteTS 
^common practice in existing commercial hardSie^^ 
^efficiency and poor reliability of d.c. to ^c. convmerTis 
thereby avoided. Because the switchmode powe? "3^10 
can accommodate wide variations in inpu v'ilge (bS'a. " 

' r^^' "^"^^ be'^discharg'i^vSSiy 
uy or tne led array signal 12. 

AdditionaJly. as shown in the HQ. 7. there are provisions 
for the introduction of nairow "marker oulses" sun^m 
posed on the <Lc. supply for use as^^Vn^^ p'sef^- 
rre« r"^""^^''^ P"*^' Scoa'^or 86 haf an outpm 
fl~ h' Sciit^or"' P°-=^ -"-"-er Td 

fe^^ . for generating such pulses. TTiis optional - 

modulated to operate w sync in the absence of the 60 Hz a.a 



line signal These **miirkcr pulses" arc essentially shon (200 
pscc) ^jcr dropouts that do not affect the operation of 
^^^■^^PaJ 12. but arc easily cxiraaed at the signal 
effcct^Pb synchronizauon of several pulsed LED arrav 
3 signals. ^ 

As noted above, the lack of input cransforraei3 or scries 
capacitors before the full wave bridge, allows d,c. power to 
be applied at the input tenninals of the power supply 10 in 
Ucu of a.c. power. Since there are no reactive fa.c.) corapo- 
ncnts m the mpur circuiuy. proper operation of the switch- 
mode converter is maintained, and output voltage reeuJaiion 
IS stiU available. Obviously, the p.f.c. portion of the circuit 
10 will be nonfuncdonal during operation on dc. input 
power. As shown, the switchmode convener will provide an 
essentially constant output voltage fnom. 100 volts d c ) to 
the LED array 12 over a range of a.c. input voltages from 85 
volts rjn.s. to 140 volts rjn.s. and over a dc. input voltage 
range of 38 volts dc. to 65 volts dc. The wide (in^^t 
voltage) operating range allows rechargeable batteries to be 
^ used veiy efficiently, since dieir capacity can be My 
utilized in the discharge cycle, as dieir terminal voitaec 
drops. ^ 

As discussed above, LED signals arc being used to 
^ replace mcandesceni lamps in many applications. TYaffic 
signals are among the more common devices that arc being 
up^ded for with LEDs because of the tremendous power 
savings and the dramatic improvement in service life In 
most cases the incandescent lamps are merely replaced with 
^ an integral LED retrofit assembly Oiat does not require any 
modification of the casting traffic signal housing or the 
dnve and control circuitry associated with the signal That is 
users expect the LED retrofit lamps to operate normally 
without added modifications to the housing or traffic con- 
troUcr. 

One aspca of this conversion to LED Signals from 
incandescent lamps poses significant problems however. 
Many existmg incandescent lamp traffic signals are diimned 
at night to reduce glare and of course, power consumption 
40 LED signals can be diimncd by reducing the average current 
through the LED array. A problem arises however because 
existing traffic signal controllers dim incandescent signals 
by providing half-wave rectified a.c. to the devices. Nor- 
mally the traffic lamps are powered by switched a.c line 
45 powa which has. in virtually all cases, a sinusoidal wave 
foim. Simply rectifying this power aUows die traffic signal 
controller to reduce the average voltage and current to the 
load in a loss free manna. This technique has been in 
common use for many years and has become the "defacto" 
5Q Standard dimming technique. 

Most LED traffic signals do not work satisfactorily with 
half wave rectified a.c; in fact many simply do not light 
Some LED lamp arrays which are equipped with regulated 
power suppUcs will illuminate satisfactorily when powered 
55 by half wave rcctifred a.c. current, but they do not dim The 
regulated power supplies accept the half wave rectified a.c 
hnc power and treat it merely as a low line voltage and 
correct for this phenomenon. The voltage impressed aaoss 
the LED array is kept relatively constant in spite of such 
60 input voluge variations thereby keeping the LED luminous 
output essentially unchanged Lc. undimmed 

Certain switchmode. regulating power supphes are able to 
p wcr LED signals . satisfaaoriJy from even half wave 
rectified a.c. power supplies. A half wave detector circuit in 
65 the LED signal power supply can dercrmine whether the 
traffic signal controUer is sending a **dimming" cormnand 
Upon detection of this half wave signal, the switchmode 



power supply can be programmed or adjusted to reduce its 
output voltage to the LED array. By adju.^^cithcr the 
pulse width or the frequency fat constant pul^Bth; of the 

switchmode power supply, the output (and/or 
cuirent) can be reduced in an efficient, nondissipadve man- 
ner. 

AJtcrnaiively. the half wave detcaor can be used to 
change the average current through the LED array by 
reducing the effective pulse width of a pulse width modu- 
lacioD controUer that drives the LEDs. In cither method, the 
average LED current and intensity are reduced in response 
to the detection of a half wave rectified input current. In tfiis 
way. the LED signal is ^transparenf* to the user who may 
now utilize the LED device in the same manner as conven- 
tional incandescent signals. 

As shown in the FIG. 5, a half wave power detector circuit 
88 has inputs conneaed to the inputs of the full wave 
rectifier 32 at the clamp circuit output lines 26 to monitor the 
input a.c. power on the power input lines 22 to the power 
supply 10. The detector 88 has an output connected to a 
control signal line 90 which is connected to an input of the 
control LC. 40. The detcaor 88 generates a control sipal on 
the line 90 in response to the detection of a half wave 
dimming signal on the a,c. power lines 22. The control signal 
is directed to the power supply regulator circuit 38. where it 
causes the ouq)ut voltage of the switchmode power supply 
10 to be reduced in response to the dimming command. For 
current regulated power suppUcs. the average ouq^ut current 
to the LED arrays can be reduced to effect dimming. In cases 
where the LED array is powered by a pulse width modulator, 
such as the modulator 46. the connection of the line 90 to the 
control LC. 40 is eliminated and the output of the detector 
88 is connected by a control signal line 92 to an input of die 
modulator 46 such that the average cuirent deUvercd to the 
LED array may be reduced by decreasing die pulse width of 
the modulator. 

All such dimming methods have one key feature in 
common; the average current through the LED signal 12 is 
decreased in response to the detection of a half wave 
dinmiing signal impressed on the power supply input lines 
22. The detection of half wave power by the detector 88 
causes die LED power supply 10 to eidier adjust the ou^jut 
pulse widdi at constant frequency or adjust die frequency at 
constant pulse width. The power supply 10 can be any type 
of power supply which converts a.c powa to d.c, power 
suitable for illuminaiing die T PD array 12. 

The present invention is an apparatus 10 for supplying 
regulated voltage d.a electtical powa to an LED array 
includiiig a rectifier means 32 having an input and an output, 
the rectifier means 32 being responsive to a.c. power at die 
input for generating rectified Ac power at die output, a 
power factor correction converter means 38 having an input 
connected to the rectifier means 32 output and an output, the 
power factor correction converter means 38 being respon- 
sive to die rectified d,c. powa at the power factor correction 
converter means input for generating regulated voltage, 
power factor correaed dc. power ai the power faaor 
correction converter means output, and an LED array 12 
having an input connected to die power factor correction 
convener means 38 output for receiving die power faaor 
corrected d,c. power to Oluminate die LED array IZ The 
power faaor correction convener means 38 can be a power 
faaor correcting and voltage regulating buck/boost switch- 
mode converter. 

The apparatus 10 includes a pulse widdi modulated modu- 
lator means 46 connected to die power faaor correction 



convCTta- means 38 output and the LED array 12 input for 
modul^ll^he power factor correaed d,c. power and ad 
eiectro^Btic interference filter means 28 connected to^ 
the MJ^wFc rcaificr means 32 input for preventing con- 
5 duacd interference from feeding back onto a.c. power lines 
22 connected to the rectifier means 32 input. The apparams 
10 also includes an adaptive damp circuit means 24 con- 
ncacd to the reciificr means 32 input for eliminating leakage 
cuirent probierats. The adaptive clamp circuit means 24 has 
10 an input adapted to be connected to a pair of ax. power lines 
22. a pair of damp circuit output lines 26 connected to the 
adaptive clamp circuit means 24 inpuL a voltage sensing 
means 48 connected across the adaptive damp circuit means 
24 input, and a controlled load means 50 conneaed aaoss 
15 the clamp circuit output lines 26 and to the voltage sensing 
means 48. The voluge sensing means 48 is responsive to a 
magnitude of a.c. voltage at the adaptive clamp circuit 
means 24 input lower than a predctemiined raagnimdc for 
tuniing on the controlled load means 50 to connca a low 
20 impedance load 60 in the conlroUed load means 50 aaoss 
the damp circuit output lines 26 and the voltage sensing 
means 48 is responsive to a magnitude of the a.c. voltage at 
the adaptive damp circuit means 24 input equal to or greater 
than the predetermined magnitude for turning off the con- 
25 trolled load means 50 to disconnect the low impedance load 
60 from the damp circuit ouqjut lines 26. 

The apparams 10 further includes a battery backup means 
62 having an input for receiving a.a power applied to the 
rectifier means 32 input and having an output at which d.c. 
30 power is generated, and a switch-over means 82 connected 
to the battery backup means 62 output and to the rectifier 
means 32 inpuL the battery backup means 62 being respon- 
sive ID a failure of a.c. power at the battery backup means 62 
input for controlling the switch-over means 82 to connect 
35 the batteiy backup means 62 output to the rectifier means 32 
input to provide d.c. power to illuminate die LED anay 12 
and being responsive to a.c. power ai the battety backup 
means 62 input for controlling the switch-over means 82 to 
disconnect the battery backup means 62 ouq)ut torn the 
40 rectifier means 32 input. The switch-over means 82 can be 
an electromechanical rday. The battery backup means 62 
indudcs a time delay and restoration means 78 responsive to 
application of a.c. power at the battery backup means 62 
input for controlling the switch-over means 82 to disconnect 
45 the battery backup means 62 ou^ut from the rectifier means 
32 input and connect the a.c. power to die rectifier means 32 
input after a predetermined time dday. The battery backup 
means 62 also includes a d.c. power switch-over and flasher 
means 80 connected to die switch-over means 82 for pulsing 
50 the dc power at a predetermined rate to flash the LED array 
12 and a synchronizing pulse generator means 86 connected 
to the d.c. power switch-over and flasher means 80 for 
imposing marker pulses on the d.c. power at a predetermined 
rate. 

55 The apparatus 10 also includes a half wave power detector 
means 88 having an input connected to the input of die 
rcctifiCT means 32 and an output conneaed to anoUier input 
of the power faaor correction converter means 38. the half 
wave power deteaor means being responsive to a dimming 

60 signal at the rectifier means input for generating a control 
signal at said half wave power detector means output and the 
power factor correction converter means 38 being respon- 
sive to the control signal for decreasing the regulated dc. 
power to dim the LED array 12. If the apparatus 10 includes 
65 the pulse width modulated modulator means 46 connected to 
the power faaor correoion converter means 38 output and 
the LED array 12 input for modubring the regulated voltage 



dc. power, the half wave pow^^rnr m^mc «« u ■ 

^^^^Z^"" " responsive to a 'dLnmingT^n" 

a the reaificr means input far geoerating a controi siS 

width modulated raoduJator means 46 is responsive tole 
S^^S^r/'l^'^""^''"^ -^"'^'^^ d.c''poL^^d*^ 
In accordance with (he provisions of the patent statutes 

P''"^^'^'* <:inbodiment. However it 
should be noted that the invention an be practiced other- 

departing from its spirit or scope. 
What is claimed is: 

1. An apparanjs for supplying regulated voltage d.c 
clectncal power to an LED amy comprising- 
a recufier means (32) having an input and an output, said 
reaifierlraeans (32) being responsive to ax. power ai 
said input for generating rectified d.c. power at said 
output; 

a power factor cotrection converter means' (38) having an 
input connected to said output of said rectifiernieans 
(32) and an output said power factor correction con- 
vener iiieans (38) being responsive to said rectified dc. 
power at said power factor correction converter means 
^ut for generating regulated voltage Ac. power at said 
power factor correction convener means output; and 

"nif^^T^i^^ ^"^^ ^ i°P"' '^"""ected to said 
ou5,ut of said power factor correction converter itieans 
(38) for receiving said- regulated voltage d.c. power to 
lUummate'said LED anay (12). i- "o 

2. The apparatus according to claim 1 wherein said power 
ft«ar coirecoon convener means (38) is a power fector 
COT^ng and voltage regulating buckrtx,ost switchmode 
convener, 

uni J^^JT^' according to claim I including a pulse 
w^dth moduhted modulator means (46) conneaed to said 
ou^jut of said power factor correction converter means (38) 

^tZ"^ T' °^ '^'^ ^ niodiUating aid 

regulated voltage ±c. powCT. 

H^^^ ^P.'^' acconling to claim 1 including an 

^^^Ta'^T"' '""=^ "^"^ <28) connect^ to 
said mput of said rectifier means (32) for preventing con- 
^«cd intcifexence from feeding back onto "c. pow J lin« 
(22) connected to said rectifier means input. 

adL?^'^'^'*"' to claim 1 including an 

^ptive damp cireuit means (24) comiected to said input of 

FotlSs ^^^^ '"^"^^ "=^8= 

arifnri?^^^''^^*''"'**^8 to claim 5 wherein said 
adaptive clamp circuit means (24) has an input adapted to be 
connected to a pair of a.c power lines (22). a pair of clamo 
arcmt output lines (26) connected to I^l^p 

^IZir ""P"'; ' '"''"fi """"^ 

across said input of said adaptive damp drcuit means (24) 

and a controlled load means (50) comieaed across said 

means (48). said voltage sensing means (48) bei^g respon 
«ve to a magnitude of a.c. voluge at said adaptive clLnp 
arcuit means input lower than a predetennined magnitude 
lowS"-? f '*,'=°f'^°"«d load means (50) to connea a 
low mipedance load (60) in said controlled load means (50) 
across said damp drcuit output lines (26) and said voltage 
sensing means (48) being responsive to a magmtude of 1 
a-c. voltage at said adaptive clamp circuit means input equal 
to or greater than said Fcdetennincd magnimde for mming 



off said controUed load means (50) to disconnect sai 
J5§1F' m from said cJarap circuit output 

l.The apparatus according to claim 1 including a baaerv 

applied to satd input of said rectilicr means (32) and C 
an output at which d.c. p wcr is generated, and a 
tZuT"' f«) connected to said output of saiS Zt 

10 baaerj- backup means (62) being responsive to a fkilure of 
power at said battery backup meanTinput for coSSSng 
said swttth-over means (82) to connect said output of 2 
battery backup means (62) to said input of S rS 

M l'"""'' P"^" iSuminate sJfS 

15 anay (12) and betng responsive to a.c. power at said hatt«v 
bactop means input for controlling said switch^verS 

Srlfir"''' '"^'^ "'""^ '^'^ """P"' fr^m 
said rectifier means input 

8. The apparatus according to claim 7 wherein said 
20 sw,d^.over means (82) is an electromechanical relay 

5. The apparatus according to claim 7 wherein said battcrv 

m^'aT' ('2^^'='"'^^ ^ 'i"^^ <te'ay and ttstorS 
means (78) responsive to application of a.c ijower at «M 
mput of said banery backup Lans (62) for coSng si 

baaay backup means (62) from said input of said fiill w^^e 
rectifier means (32) and connect the a.c. power to M^d M 
wave rectifier means input after a predetetLed .Le Ibl 
10. The apparatus according to claim 7 wherein sairi 
30 ba-ay adaipmeans(62)incluSesad.c.powersS-o?a 
^d lbsher means (80) connected to said switch-ova r^Z 
(82) for pulstng said d.c. power at a predetermined rate^o 
flash said LED array (12). 

« h.iL^'i!^"'^' according to claim 7 wherein said 
33 battexy backup means (62) includes a syndironizing pS^e 
generator means (86) comiected to said Ac. power sS- 
ova and flasha means (80) for imposing mafker puls« on 
said d.c. powa at a predetomincd rate 

12. The a^Jaranis according to claim 1 including a half 
wave powa deteaor means (88) having an input^LeS 
to said mput of said rectifia means (32) and an ouSt 
conneaed to anotha input of said powa factor c^S 

S^na"^ "^'^'^^-vepowadetect^a^ 
(88) bang rraponsive to a dimming signal at said rectifia 
4S means mput for genoating a control signal at said half wave 
powa detector means output and said powa factor cotrec- 
tion convota means (38) being respoSsive to said Zaol 

S'XIS'^' '^'^''^ p°-- »o <^ 

" „nS '^''JPP'^'"^ according to claim 1 including a pulse 
w^^ modulated modulator means (46) connected to^^d 
ou5,u. of said powa faaor cotrecuon convota means (38) 
and 0 said input of said LED anay (12) for moduladnl aS 

35 means (88) havmg an input connected to saidinput of said 
reaifier means (32) and an output connected to L nl, of 
said pulse Width modulated modulator means (46^2 

sTZT"". "'"f """"^ '"^^S responsive to i ZZ 
signal at said rectilia means input for genei^ting ^3 
60 Signal at said half wave powa detectof means outpmTJ 
said pulse Width modulated modulator means (46) be^g 
responsive to said control signal for decreasing saii re™ 
lated d.c. power to dim said LED array (12) 
14. An apparatus for supplying regulated voltage d.c 
65 clecincal powa to an LED amy comprising- 

a power supply means (10) having an input and an output, 
said power supply means (10) being responsive to ic. 



power at said input for g^kiog regulated voltage dc. 
power at said output to^B(nate an LED array (12) 
conneacd to said power supply means output: and 
a dimming detector means (88) having an input connected 
to said input of said power supply means (10) and an 
output conncaed to another input of said power supply 
means (10). said dimming detector means f88> being 
responsive to a dimming signal at said power supply 
means input for generating a control sicnaJ at said 
dmmung deteaor means output and said piwer supply 
means (10) being responsive to said control signal for 
decreasing said regulated voltage d.c. power to dim the 
LED array (12). 
15. The apparatus according to claim 14 wherein said 
dmmung detector means (88) is a half wave power deteaor 
means, said dimming signal is half wave rectified a.c, power 
and said power supply means (10) includes a rectifier means 
(32) having an input connected to said power supply means 
input and an output and a power factor correction convener 
means (38) having an input connected to said rectifier means 
ouq)ut and an output connected to said power supply output 
said power factor coirection convener means (38) including 
said another input of said power supply means (10). said 
power factor correction convener means (38) being respon- 
sive to said control signal for decreasing said regulated 
voltage d.c. power to dim the LED anay (12). 

16. The apparaois according to claim 14 wherein said 
dimming detector means (88) is a half wave power detector 
means, said dimming signal is half wave rectified ac. power 
and mcluding a pulse width modulated modulator means 
(46) connected to said output of said power supply means 
(10) for modulating said regulated voltage dc. power, said 
pulse width modulated modulator means (46) including said 
another mput of said power supply means (10). said pulse 
width modulated modulator means (46) being responsive to 
said control signal for deaeasing said legulated voltage da 
power to dim the LED airay (12). 

17. An apparanis for supplying regulated voltage dc. 
electrical power to an LED array comprising: 
a rectifier means (32) having an input and an output, said 
rectifier means (32) being responsive to a,c. power at 
said input for generating rectified d.c. power at said 
ouq)ut; 

a power factor correction converter means (38) having an 
input connected to said ouqDut of said rectifier means 
(32) and an output said power factor conection con- 
vener means (38) being responsive to said tedificd dc. 
power at said power faaor conection converter means 
input for generating regulated voltage dc. power at said 
power factor correction converter means output: 

a battery backup means (62) having an input for receiving 
a,c. power applied to said input of said rectifier means 
(32) and having an output at which dc. power is 
generated: and 

a switch-over means (82) conncaed to said output of said 
battery backup means (62) and to said input of said 
rectifier means (32). said battery backup means (62) 
being responsive to a failure of a.c. power at said 
battery backup means input for controlling said switch- 
over means (82) to connect said battery backup means 
output to said rectifier means input to provide dc. 
power to said power faaor correction converter means 
(38) to illuminate an LED anay connected to said 
output of said power factor correction converter means 
(38) and being responsive to a.c. power at said battery 
backup means input for cono-oUing said switch-over 



3urput trom sajd rccoiicr means JopuL 
l^^nparacus according to claim 17 wherein said^| 
r ^^^correcEion convener means (38) is a power 



means (82) to disconnea said batter)' backup means 
ourpiu &x)m said rectiiicr means input 
18. 
power 

5 faaor corfecdng and voltage regulating buck/boost switch- 
mode convener. 

19. The apparams according to claim 17 including an 
adaptive clamp circuit means (24) connected to said input of 
said rectifier means (32) for eliminating leakage current 
problems, said adaptive clamp circuit means (24) having an 
input adapted co be conneaed to a pair of ax. power lines 
(22). a pair of clamp circuit output lines (26) conneaed to 
said adaptive clamp circuit means input, a voltage sensing 
means (48) connected aaoss said adapdve clamp circuit 
means inpuL and a controlled load means (50) conneaed 
across said clamp circuit output lines (26) and to said voltage 
sensing means (48). said voltage sensing means (48) being 
responsive to a magnitude of a.c. voltage at said adaptive 
clamp circuit means input lower than a predetermined 
magnitude far turning on said controUed load means (50) to 
connea a low impedance load (60) in said controlled load 
means (50) across said clamp circuit output lines (26) and 
said voltage sensing means (48) being responsive to a 
magnitude of the a.c. voltage at said adaptive clamp circuit 
^ means input equal to or greater than said predetermined 
magnimde for turning off said controlled load means (50) to 
disconnect said low itnpedance load (60) torn said clamp 
circuit output lines (26). 

20. The apparatus according to claim 17 whaein said 
battery backup means (62) includes a time delay and resto- 
ration means (78) responsive to application of a.c, power at 
said input of said battery backup means (62) for controlling 
said switch-over means (82) to disconnect said output of 
*Said battery backup means (62) from said issput of said 
rectifier means (32) and connect the a.c. power to said 
rectifier means input after a predetermined time delay. 

21. The apparatus according to claim 17 wherein said 
battery backup means (62) includes a d.c. power switch-over 
and flasher means (80) connected to said switch-over means 

^ (82) for pulsing said d.c. power at a predetermined rate to 
flash said LED array (12). 

22. The apparatus according to claim 17 Wherein said 
battery backup means (62) includes a synchronizing pulse 
generator means (86) connected to said d.c. power switch- 
over and flasher means (80) for imposing marker pulses on 
said d.c. power at a predetermined rate. 

23. An apparatus for supplying regulated voltage ±c 
electrical power to an LED array comprising: 

a rectifier means (32) having an input and an ouq)ut« said 
rectifier means (32) being responsive to a,c. power at 
said input for generating rectified d.c. power at said 
output: 

a power factor coirecting and voltage regulating buck/ 
boost switchmode convener (38) having an input con- 

55 neaed to said output of said rectifier means (32) and an 
output, said switchmode convener (38) being respon- 
sive to said rectified d.c. power at said switchmode 
converter input for generating regulated voltage dc 
power at said switchmode converter ouqpul; 

60 an LED airay (12) having an input connected to said 
output of said switchmode convener (38) for receiving 
said regulated voltage d.c. power to illuminate said 
LED amy (12): 
a battery backup means (62) having an input for receiving 

65 a.c. power applied to said input of said rectifier means 
(32) and having an output at which d.c. power is 
generated: and 
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being responsive to a fon.tr* "''"^P niMns (62) 




power to said switchmodc convotcr (38) to Oluminate 
said LED amy (12) and being responsive to a.c. power 
at said battery backup means input for controlling said 
swuchK>vcr means (82) to disconnect said battery 
backup means output from said rectifier means input. 



